We investigated the prevalence of prior myocardial infarction (MI) and incidence of ischaemic cardiovascular (CV) events among atrial fibrillation (AF) patients.
Management of patients with AF, ACS, and chronic CAD includes antiplatelet and anticoagulant therapy. 15 -19 Treatment with multiple antiplatelet and anticoagulant agents may be necessary to prevent subsequent thrombotic events, but dual or triple antiplatelet/ anticoagulant therapy increases bleeding risk. 20 -22 The bleeding risk may be enhanced in specific patient populations, including the elderly, patients with diabetes, and those with renal insufficiency. ROCKET AF (Rivaroxaban Once-daily, oral, direct Factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation) demonstrated that rivaroxaban, a direct factor Xa inhibitor, was noninferior to warfarin in the prevention of stroke and systemic embolism in high-risk patients. 23 In this report, we investigate the prevalence of established CAD, defined as prior MI, the incidence of cardiovascular (CV) events in a large population of patients with AF receiving anticoagulant therapy, and the risk of CV events with rivaroxaban compared with warfarin.
Methods
ROCKET AF was a multicentre, randomized, double-blind, doubledummy, event-driven trial comparing fixed-dose rivaroxaban (20 mg daily; 15 mg daily in patients with creatinine clearance 30-49 mL/min) with adjusted-dose warfarin [target international normalized ratio (INR) 2.0-3.0] for prevention of stroke or systemic embolism, as described previously. 23, 24 The study was supported by Johnson & Johnson Pharmaceutical Research and Development (Raritan, NJ) and Bayer HealthCare AG (Leverkusen, Germany). An international executive committee designed the study and oversaw the trial conduct. The protocol was approved by national regulatory authorities and ethics committees at participating centres. All patients provided written consent.
Study participants and follow-up
Patients with nonvalvular AF at moderate-to-high risk for stroke were recruited at 1178 participating sites in 45 countries. Patients were included if they had a history of stroke, transient ischaemic attack, or systemic embolism or at least two of the following: heart failure or left ventricular ejection fraction ≤35%, hypertension, age ≥75 years, or diabetes mellitus (CHADS 2 score ≥2). Patients with prior MI were not excluded. Prior MI was reported on the standard electronic case report form modules by the site investigator. Patients were followed monthly for assessment of clinical outcomes, adverse events, and monitoring of INR values while on therapy. If the study drug was discontinued before the end of the study, then patients were to be followed every 3 months by telephone for ascertainment of events.
Cardiovascular outcomes
CV outcomes were defined in the study analysis plan as CV death, MI, and unstable angina (UA). The principal safety endpoint was the composite of major and non-major clinically relevant (NMCR) bleeding events. Investigators were to report deaths and all suspected strokes, MIs, and bleeding events, and these were adjudicated by an independent clinical events committee that was blinded to treatment assignment. The endpoint definitions have been published.
23,24

Statistical analysis
These prespecified analyses evaluated the CV outcomes and efficacy and safety of the randomized treatment comparison in patients with and without prior MI in the on-treatment population. By design, ROCKET AF was a noninferiority trial, and the primary analysis was performed in the safety population while on treatment. 23 Outcomes between the patients with and without prior MI were compared using the Cox proportional hazards method and reported as events per 100 patient-years (%/year) and total number of events. The homogeneity of treatment effects on the occurrence of the key efficacy and safety endpoints across subgroups with and without prior MI was tested with a Cox proportional hazards regression model with terms for both main effects and the treatment by prior MI interaction. Models that were adjusted for prior stroke or transient ischaemic attack, creatinine clearance, diastolic blood pressure, history of vascular disease, paroxysmal AF, heart rate, sex, diabetes, hypertension, age, and heart failure were fit for the CV death, MI, or UA composite endpoint.
Estimates and two-sided 95% confidence intervals (CIs) for the hazard ratio (HR) (rivaroxaban vs. warfarin) by prior MI are presented in the safety, on-treatment population for both the efficacy and safety endpoints. Landmark analyses were performed to determine whether the effect of rivaroxaban on outcomes differed in patients who were and were not taking aspirin 30 days following randomization. These analyses included patients who were event-free and being followed 30 days post-randomization; time to event was measured from Day 30. Aspirin and clopidogrel use at baseline, after study entry, and around the time of endpoint MI and post-MI treatment among the 227 patients with an on-treatment MI are summarized with counts and percentages. The Kaplan-Meier plots are presented for the CV death, MI, and UA composite endpoint and for the principal safety endpoint with two stratifications-treatment/prior MI or treatment/baseline antiplatelet use.
All statistical analyses were performed with SAS software (version 9.2, SAS Institute Inc., Cary, NC).
Results
Of the 14 264 patients enrolled in ROCKET AF, 2468 (17.3%) had prior MI at baseline. Table 1 shows the baseline demographics of patients with and without prior MI. Patients with prior MI tended to be older, male, and more often had risk factors for atherosclerosis and used antiplatelet agents. Among warfarin-treated patients with prior MI and those without prior MI, the median (25th, 75th percentiles) time the INR was in the therapeutic range (2.0-3.0, inclusive) was 59.1 (44.9, 71.5%) and 57.6 (42.6, 70.4%), respectively. Stroke, cardiac, and bleeding outcomes are shown in Table 2 and Figure 1 for patients with and without prior MI. Patients with and without prior MI had similar rates of stroke and non-central nervous system embolism. Patients with prior MI had more recurrent CV events and higher mortality. These patients also had higher rates of major bleeding. After adjustment for differences in baseline characteristics, participants with prior MI remained at elevated risk for recurrent CV events (HR 1.64, 95% CI 1.21-2.24; P ¼ 0.002) (Supplementary material online, Table S1 ).
Major bleeding rates in patients with and without baseline use of aspirin and/or a thienopyridine were 4.59 and 3.73 for patients with prior MI vs. 4.27 and 2.97 for patients without prior MI (interaction P value ¼ 0.408). Table 3 shows CV outcomes by randomly assigned treatment in the overall trial. Patients assigned to rivaroxaban tended to have lower rates of CV events with a non-significant 14% reduction in the hazard of CV death, MI, or UA [HR 0.86, 95% CI 0.73-1.00; P ¼ 0.051 (adjusted HR 0.88, 95% CI 0.75-1.03; adjusted P ¼ 0.103)]. Table 4 shows cardiac, stroke, and bleeding outcomes in patients with and without prior MI by treatment assignment and the MI by treatment interaction P values. Several interaction P values are ,0.05, suggesting a differential treatment effect of rivaroxaban compared with warfarin in patients with prior MI. A reduction of all-cause mortality with rivaroxaban was observed in patients without prior MI, while this was not seen among patients with prior MI (interaction P ¼ 0.0296). For major or NMCR bleeding and NMCR bleeding, excess bleeding with rivaroxaban was observed only among patients with prior MI (interaction P ¼ 0.0352 and 0.0427, respectively). Consistent reductions in intracranial haemorrhage and fatal bleeding were observed with rivaroxaban in patients with and without prior MI.
The Kaplan -Meier curves for CV death, MI, and UA in patients with and without prior MI by treatment assignment are shown in Figure 2 . A Kaplan -Meier plot that was adjusted for selected baseline characteristics is provided as Supplementary material online, Figure S1 . After adjustment, there was some evidence that rivaroxaban vs. warfarin was more beneficial in preventing CV events in those without prior MI than in those with prior MI, but this was non-significant (HR among those without prior MI 0.79, 95% CI 0.65-0.96; HR among those with prior MI 1.06, 95% CI 0.82-1.36; interaction P ¼ 0.075). The Kaplan-Meier curves for CV death, MI, and UA by treatment and by antiplatelet use at baseline are shown in Supplementary material online, Figure S2 . Event rates tended to be higher for patients with aspirin or clopidogrel use at baseline and lowest in patients on neither at baseline, although the number of patients on clopidogrel at baseline was low. Supplementary material online, Figure S3 , shows the principal safety outcome in the same subgroups. Similar trends are observed with the highest event rates in patients on both aspirin and clopidogrel at baseline.
Because aspirin and prior MI are likely strongly linked and concomitant use of aspirin and anticoagulant therapies are of particular clinical interest, the relationship between aspirin use and outcomes was modelled in two ways (Supplementary material online, Tables S2  and S3 ). The first model included all patients in the safety population and contained aspirin use at study entry. The second model was a 30-day landmark analysis with an indicator for aspirin use 30 days after randomization because the use of aspirin at baseline could have been altered because of inclusion in the study and initiation of anticoagulant therapy. The time point of 30 days was chosen because aspirin use should be consistent by this time. In both models, aspirin use was associated with higher event rates, but the treatment effect of rivaroxaban compared with warfarin did not differ depending on whether aspirin was used (interaction P values all .0.3).
Overall, a total of 227 MIs occurred while on study drug treatment for a median of 0.8 (0.4, 1.4) years following study drug initiation. The use of fibrinolytic therapy; use of percutaneous coronary intervention (PCI) within 2 h of the time of MI; and the use of antiplatelet, anticoagulant, and other cardiac medications are shown in Supplementary material online, Table S4. In total, 22 patients were treated with lytic therapy and none of these had intracranial hemorrhage within 5 days of lytic use. Few patients were treated with PCI. About half of the patients were treated with aspirin and the use of other cardiac medications was low. Overall, 84 patients had study drug permanently stopped within 5 days of MI, 74 had study drug temporarily stopped, and 69 remained on study drug through the MI event.
Supplementary material online, Table S5 , shows aspirin and thienopyridine use at baseline and 30 days. Overall, 36.5% of patients were on aspirin at randomization and 60% of those remained on aspirin at 30 days post-enrollment with a similar distribution between treatment groups. Few patients were on thienopyridine at baseline since use within 5 days of randomization was an exclusion criterion. A total of 126 (0.9%) patients were on both aspirin and a thienopyridine at randomization and 58 (0.4%) were on both at 30 days; these were protocol deviations since the use of a thienopyridine during the course of the study was only allowed for those receiving a coronary artery stent.
Supplementary material online, 30% of patients were on aspirin or thienopyridine therapy prior to these events.
Discussion
In the high-risk AF population enrolled in ROCKET AF, a history of MI was common ( 20% of patients). A 14% reduction in the hazard for CV death, MI, or UA was observed while patients were taking rivaroxaban with comparable reductions in each of the individual components of the composite. Patients with prior MI had worse CV and bleeding outcomes compared with patients without prior MI. The overall trial demonstrated that rivaroxaban was noninferior to warfarin for the primary efficacy endpoint of the composite of stroke and non-central nervous system embolism with similar rates of major or NMCR bleeding. In patients with and without prior MI while taking the study drug, the comparison of rivaroxaban with warfarin for the key efficacy endpoint of CV death, MI, and UA was consistent with the overall trial results. A statistically significant interaction suggests that patients with prior MI had worse major/NMCR bleeding outcomes with rivaroxaban compared with warfarin that likely were associated with higher use of concomitant aspirin, although other factors not measured could have contributed or it could be due to chance finding due to multiple comparisons. However, consistent reductions in intracranial haemorrhage and fatal bleeding with rivaroxaban were observed in both those with and without prior MI. The reductions in CV death, MI, and UA observed with rivaroxaban are consistent with results from completed trials with rivaroxaban in patients after ACS. 25, 26 However, direct comparison of treatment effects with rivaroxaban between the two trials is not proper. The ATLAS 2 trial specifically excluded patients with an indication for anticoagulation therapy. Further, there was frequent use of dual antiplatelet therapy and the doses of rivaroxaban were onequarter (2.5 mg twice daily) and one-half (5 mg twice daily) the dose used in ROCKET AF (20 mg once daily). Of note, in this post-ACS population, rivaroxaban use resulted in significant increases in major bleeding and intracranial haemorrhage compared with placebo. 26 The observations that patients with prior MI had more bleeding than patients without prior MI are consistent with ATLAS 2, likely related to differences in bleeding risk (e.g. older age, more comorbidity) and the higher use of antiplatelet therapy. However, the number of patients with prior MI and outcome events precludes more rigorous analyses to explore the associations of these post-randomization covariates. Another factor Xa inhibitor, apixaban, has undergone similar evaluations in post-ACS patients with AF. In contrast to the rivaroxaban experience utilizing different dosing regimens, the same dose of apixaban was studied both after ACS 27 and in AF. 28 The data show significant excess in bleeding and no efficacy post-ACS with apixaban compared with placebo but significant reductions in stroke, death, and bleeding in patients with AF compared with warfarin. Dabigatran, a factor IIa inhibitor, has been shown to reduce thromboembolic events in patients with AF. 29 A significant 38% relative increase in MI was initially reported for the 150 mg dose, 29 but after re-evaluation of MI events due to possible under-
reporting in an open-label trial setting, a nonsignificant 27% excess was reported. 30 An excess of MI events with dabigatran was identified in a systematic overview of seven trials including AF, deep vein thrombosis, and ACS populations; 31, 32 however, these findings must be placed in the context of a simultaneous demonstration of a significant reduction in fatal events with dabigatran, recognizing the challenges of examining non-fatal MI rates as a competing outcome. Until trials are conducted that directly compare factor IIa and Xa inhibitors, it will remain unknown if a potential advantage Ischaemic cardiac outcomes in patients with AF treated with vitamin K antagonism or Factor Xa inhibition exists with either class of drug or specific agents to prevent MI in patients with AF. Management of antiplatelet and anticoagulant therapy in patients with AF who suffer acute MI and in patients with CAD who develop AF is challenging. Indeed, as the population ages, the number of patients with both conditions will increase. The optimal strategy to provide adequate antiplatelet and anticoagulant therapy is unclear. Consistent with our findings, recent observations from the RE-LY trial show an increased risk of bleeding and thromboembolic events associated with antiplatelet therapy compared with no antiplatelet therapy, and consistent treatment effects compared with warfarin regardless of aspirin use. 33 Observational data have shown an increased risk of bleeding with antiplatelet therapy together with an anticoagulant-so-called "triple therapy." 20, 34 Currently, three ongoing randomized trials in patients with AF undergoing PCI are evaluating different strategies of antiplatelet and anticoagulant therapy. 35 -37 Clinical considerations to decrease bleeding have been suggested, 20 including using low-dose antiplatelet therapy; using only single antiplatelet therapy combined with anticoagulant treatment; 35 using bare metal stents rather than drug-eluting stents, when appropriate; targeting an optimal INR of 2.0-2.5; proton-pump inhibitor prophylaxis; and shorter duration of triple therapy. The potential to use a new oral anticoagulant instead of warfarin in this setting has not yet been explored. The appropriate long-term management strategy of rivaroxaban in patients with AF who suffer acute MI is not clear because no studies have been done to determine whether a lower dose of rivaroxaban when used with dual antiplatelet therapy (e.g. dosing regimen employed in ATLAS 2) will be sufficient to prevent AF-related thromboembolic events. For patients suffering MI during treatment for AF with rivaroxaban as occurred in ROCKET AF, too few patients had fibrinolytic therapy or primary PCI to provide clear guidance driven by definitive data. However, the strategy used during the trial of recommending primary PCI, if available, and balancing risks and benefit prior to lysis seems prudent.
Limitations
Our analyses have several limitations. The subgroups defined by MI status at baseline were prespecified, but the trial was not powered to make definitive observations for the randomized treatments within subgroups. Subgroups defined by post-randomization events, such as MI, are potentially confounded so only descriptive analyses were performed on these patients. Because of the relatively small number of MI events, statistical models using landmark techniques or inverse probability weighting analyses to better understand the impact of changes in the treatment of antiplatelet therapy during study drug treatment are not appropriate. Finally, we did not adjust for multiple comparisons.
Conclusions
In a trial population of patients with AF, 20% had a history of prior MI. Patients with prior MI are at higher risk for subsequent cardiac and bleeding events compared with patients without prior MI. While patients were taking rivaroxaban, a 14% reduction in the hazard (HR 0.86, 95% CI 0.73-1.00; P ¼ 0.0509) for CV death, MI, or UA was observed. The overall trial results of the effect of rivaroxaban compared with warfarin on stroke and systemic embolism outcomes were consistent in patients with and without prior MI. Patients with prior MI had worse major/NMCR bleeding outcomes with rivaroxaban compared with warfarin that likely were associated with higher use of aspirin therapy in this group. However, consistent reductions in intracranial haemorrhage and fatal bleeding were observed with rivaroxaban compared with warfarin in patients with and without prior MI.
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